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74 The Journal of Thoracic and Cardiobjectives: We sought to investigate the short-term and midterm effects of left atrial
ppendage exclusion on left atrial function. Left atrial appendage exclusion is
onsidered a possible therapeutic option for stroke prevention in patients with atrial
brillation. Favorable outcomes have encouraged widespread use of left atrial
ppendage exclusion for cardiac surgical patients—even for patients in sinus
hythm who have stroke risk factors; however, the chronic effects on left atrial
unction of left atrial appendage exclusion are unclear.
ethods: Nineteen mongrel dogs (29.7 5.2 kg) in sinus rhythm were studied. The
oppler signals from the pulmonary venous flow, transmitral flow, and tissue
oppler imaging of mitral annular motion were obtained before and after left atrial
ppendage exclusion. Dogs were evaluated in the same manner at 7 days (n  2),
0 days (n  7), or 90 days (n  10) after left atrial appendage exclusion.
esults: Except for a significant increase in early diastolic transmitral flow velocity
fter left atrial appendage exclusion (P .01), no significant differences were found
n any parameters related to the transmitral flow and tissue Doppler imaging
easurements throughout follow-up. The systolic components of pulmonary venous
ow at follow-up revealed a significant reduction relative to baseline (peak systolic
elocity P  .0001, systolic velocity-time integral P  .0001), despite the lack of
ignificant changes in left atrial pressure, left ventricular volume, and stroke volume.
onclusion: Left atrial appendage exclusion may affect left atrial reservoir function
n the short-term and midterm periods. Further long-term studies with more clini-
ally relevant models are needed.
trial fibrillation (AF) is a major risk factor for stroke, a common cause of
serious disability and death.1,2 Congestive heart failure is often complicated
by AF and promotes the development of AF even in patients with sinus
hythm.3,4 The left atrial appendage (LAA) is a major source of atrial thrombi in
atients with AF.5,6 LAA exclusion has therefore been considered a potential
herapeutic option for stroke prevention in patients with AF. Favorable outcomes of
AA exclusion in surgical patients have encouraged widespread use of this proce-
ure, extending it to include patients in sinus rhythm who have stroke risk factors. 7
lthough some in vitro8 and in vivo9-11 studies have reported that LAA exclusion
an alter left atrial (LA) compliance, the chronic impact of LAA exclusion on LA
nd left ventricular (LV) functions still remain unclear.
Recently, pulsed Doppler analysis of pulmonary venous (PV) flow has provided
dditional information about atrial filling and function, which has been used in
onjunction with the transmitral flow spectra or tissue Doppler imaging (TDI) of
itral annular motion to enhance assessments of abnormalities of ventricular
vascular Surgery ● January 2007
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A
CDlling.12-20 With the pulsed Doppler technique, the relation-
hip between the PV flow pattern and dynamic changes of
he LV and LA can be investigated under several different
onditions in animals and human beings12-15 and therefore
sed to assess the changes in LA or LV diastolic function
esulting from LAA exclusion.
aterials and Methods
ineteen mongrel dogs (29.7  5.2 kg) in sinus rhythm were used
n this study. This study was approved by the Cleveland Clinic’s
nstitutional Animal Care and Use Committee, and all animals
eceived humane care in compliance with the “Guide for the Care
nd Use of Laboratory Animals” (http://www.nap.edu/catalog/
140.html).
To evaluate the short-term and midterm effects of LAA exclu-
ion on LA and LV functions in dogs, the LAA was excluded
hile the heart was beating with a novel exclusion device.21
emodynamic and echocardiographic measurements were per-
ormed before and after LAA exclusion. Dogs were then evaluated
t 7 days (n  2), 30 days (n  7), or 90 days (n  10) after LAA
xclusion in the same manner.
tudy Protocol and Surgical Procedures
Initial study. All surgical procedures were performed under
terile conditions. The animals were anesthetized with intravenous
hiopental (20 mg/kg) and ventilated through an endotracheal tube
y a respirator (Servo Ventilator 900C; Siemens-Elema AB, Solna,
weden). Anesthesia was maintained with isoflurane (0.5%-2.5%).
he animals were placed in the right lateral position with electro-
ardiographic leads attached to the extremities. A left lateral neck
ncision was made to isolate the left carotid artery for arterial
ressure monitoring.
A left thoracotomy was performed at the fourth intercostal
pace to obtain access to the heart. The pericardium was opened,
nd the heart was suspended in a pericardial cradle to expose the
AA. A 14-gauge angiocatheter was inserted into the left upper
V to monitor the LA pressure (LAP). With epicardial echocar-
Abbreviations and Acronyms
AF  atrial fibrillation
CO  cardiac output
EDV end-diastolic volume
EE  epicardial echocardiography
EF  ejection fraction
ESV  end-systolic volume
LA  left atrium
LAA left atrial appendage
LAP  left atrial pressure
LV  left ventricle
PV  pulmonary vein
SV  stroke volume
TDI  tissue Doppler imaging
VTI  velocity-time integraliography (EE), 2-dimensional (2D) and all Doppler echocardio- E
The Journal of Thoracicraphic images were obtained. Hemodynamic data, including heart
ate, systemic arterial pressure, and LAP, were also collected at
aseline. Ventilatory support was transiently stopped during data-
cquisition periods. Hemodynamic parameters were digitized in
eal time at a sampling rate of 200 Hz with a data-acquisition
ystem (PowerLab; AD Instruments, Inc, Mountain View, Calif)
nd stored on a hard disk for subsequent analyses with a custom-
ade visual basic program on Excel software (Excel 2000; Mi-
rosoft Corporation, Redmond, Wash).
After all baseline data were obtained, the LAA was occluded
ith a simple device that permitted LAA exclusion from the outer
urface of the heart while the heart was beating. Blood flow into
he LAA was assessed before and after the LAA exclusion by 2D
E. If the device was not precisely placed at the base of the LAA,
he device was simply repositioned and reapplied in the proper
ocation21,22 for successful exclusion of the LAA. After LAA
xclusion, echocardiographic and hemodynamic studies were re-
eated in the same manner. The interval between the baseline data
cquisition and postexclusion data acquisition was less than 10
inutes for all animals. After closure of the pericardium, the chest
as closed with a chest drainage tube in place. Animals were
ollowed up for 7 days (n  2), 30 days (n  7), or 90 days (n 
0). With the exception of analgesics and antibiotics, no additional
edications were administered during the postoperative period.
Terminal study. On the day of the terminal study, animals
ere placed under general anesthesia according to the protocol of
he initial study. A right inguinal incision was made to isolate the
ight femoral artery for continuous monitoring of arterial pressure.
he chest was reopened from the original thoracotomy incision,
nd the pericardium was reopened to expose the LAA occlusion
evice. Hemodynamic assessment and EE were performed in the
ame manner as described for the initial study to evaluate the
hort-term and midterm effects of LAA exclusion on LA function.
chocardiographic Measurements
chocardiographic examinations were performed with a Sequoia
12 digital ultrasonographic system (Siemens, Mountain View,
alif) with a high-frequency transducer (frequency 5-7 MHz). All
oppler echocardiographic and TDI images were obtained and
ecorded during three to five consecutive cardiac cycles in sinus
hythm.
The LA body area was measured by planimetry in the apical
-chamber view. The LA body volume was also assessed by a
iplane area-length method from the apical 4- and 2-chamber
iews. It is true that the biplane long-axis method relies on various
eometric assumptions. To assess the potential error introduced by
ur method in this animal series, we validated it against a criterion
tandard of 3-dimensional echocardiography23,24 with real-time
-dimensional data obtained by Vivid 7 echocardiographic ma-
hine and Tomtec software (Tomtec Gmbh, Unterschlessheim,
ermany). Bland–Altman analysis25 showed 95% limits of agree-
ent of 2.4 and 7.4 mL, indicating that our method used for
A volume analyses in this animal series, although not perfect,
as accurate enough to track changes in LA volumes. The LV
nd-diastolic volume (EDV) and end-systolic volume (ESV) were
easured by single-plane Simpson rule. LV ejection fraction (EF)
as calculated by the following equation: 100  (EDV  ESV)/
DV. The LV stroke volume (SV) was calculated as the difference
and Cardiovascular Surgery ● Volume 133, Number 1 175
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1
A
CDf EDV and ESV. Mitral regurgitation was determined with the
olor Doppler technique. TDI of the mitral annulus was obtained
rom the apical 4-chamber view. A 1.5-mm sample volume was
laced sequentially at the lateral and medial corners of the mitral
nnulus. Gains were minimized to allow for a clear tissue signal
ith minimal background noise. Analyses were performed for
eak systolic velocity (Sa) and early (Ea) and late (Aa) diastolic
elocities. These variables from the lateral and medial annulus
ere averaged.
Transmitral flow was recorded by placing the sample volume at
he tips of the mitral leaflets. From the velocity tracings, early
iastolic mitral flow peak velocity (E), late diastolic mitral flow
eak velocity (A), deceleration time of the E wave, and duration of
he A wave were measured. The ratio of E to A was described as
eak E/A. In addition, the color M-mode flow propagation velocity
Vp) and the E/Vp ratio were obtained with the color Doppler
-mode of the mitral valve.
PV flow velocities were obtained by placing the sample volume
.5 to 1.0 cm into the left or right PV. The position of the sample
olume was confirmed by obtaining a characteristic PV flow
attern. The Doppler beam was aligned as parallel as possible to
he long axis of the blood flow, and the angle correction was within
0°. The peak forward flows during ventricular systole and dias-
ole (S and D) and the height of the retrograde velocity at atrial
ontraction (Ar) were recorded. In addition, the PV flow velocity-
ime integral (VTI) during ventricular systole was measured by a
lanimeter from the onset of the forward flow to the onset of the
iastolic flow. The onset of diastolic flow was defined as the nadir
etween the systolic and diastolic waves. The PV diastolic VTI
as measured from the nadir between the systolic and diastolic
aves to the termination of the diastolic forward wave. The ratio
f the systolic to diastolic components was described by peak
/peak D. To maintain consistency and reduce intraobserver vari-
bility, echocardiographic evaluations and data analysis of all
ABLE 1. Hemodynamic and two-dimensional echocardi
xclusion, and at follow-up
Base
n
emodynamics
Heart rate (beats/min) 19
Systolic BP (mm Hg) 19
Diastolic BP (mm Hg) 19
Mean LA pressure (mm Hg) 19
wo-dimensional epicardial echocardiography
Mitral regurgitation grade 1 19
LA area (cm2) 19 1
LA volume (cm3) 13 2
End-diastolic volume (mL) 17 6
End-systolic volume (mL) 16 2
Stroke volume (mL) 16 3
Ejection fraction (%) 16 6
ll values except the number of patients with mitral regurgitation of 1 or le
P, Blood pressure; LA, left atrial.nimals were performed by the same investigator. a
76 The Journal of Thoracic and Cardiovascular Surgery ● Janutatistical Analysis
emodynamic and Doppler variables were expressed as mean 
D. Differences between the mean values for hemodynamic and
oppler variables during the different phases were compared with
epeated measures analysis of variance.
esults
ll 19 animals survived the LAA exclusion procedure without
ny complications and had uneventful postoperative recover-
es. When the quality of 2D echocardiographic or Doppler
racings was not sufficient to yield the intended parameters
orrectly, the image was excluded from the data analyses. The
umbers of data points are indicated in Tables 1 through 3.
emodynamic and 2D EE Analyses
ith Doppler imaging, effectiveness of the LAA exclusion
as confirmed. Mitral regurgitation was estimated as less
han grade 1 before and after the LAA exclusion in all
nimals (Table 1). Hemodynamic data such as heart rate,
ystemic blood pressure, and mean LAP revealed no signif-
cant changes among the data at baseline, after LAA exclu-
ion, or at follow-up. With respect to LA size, a tendency
oward a decrease in the LA area or volume was found but
as without statistical significance. In addition, there were
o significant differences in such 2D EE parameters as
DV, ESV, SV, and EF.
ransmitral Flow, Color M-mode Flow, and TDI
nalyses
lthough the E after LAA exclusion was significantly in-
reased relative to those at baseline and follow-up (P .001
phic variables at baseline, after left atrial appendage
After exclusion Follow-up
lue n Value n Value
17 19 124 19 19 120  13
20 19 118 16 19 121  10
19 19 77 17 19 79 16
3.4 19 8.9  3.2 19 8.1  3.5
9 19 19 19 19
3.1 19 9.8  2.6 19 9.6  2.5
3.8 10 23.8  5.4 13 24.2  5.7
19.4 18 59.7 20.7 19 59.3  18.9
11.9 18 26.8 14.4 19 26.8  12.6
13.7 18 32.8 12.4 18 32.5  10.4
12.5 18 56.2 15.7 18 55.2  10.5
e mean  SD. No significant differences were found for each data point.ogra
line
Va
120
124
88
8.8
1
1.0
8.7
3.5
5.6
7.8
0.0
ss arnd P  .01, respectively), there was no difference among
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A
CDhe variables derived from the Doppler transmitral flow and
olor M-mode flow analyses (Table 2). Furthermore, the Sa,
a, and Aa mitral annular velocities revealed no acute,
hort-term or midterm changes relative to values at baseline.
he E/Ea ratio, an independent parameter of LV relaxation,
lso remained consistent without any significant difference.
V Flow Analysis
he peak S velocity at follow-up revealed a significant
eduction relative to baseline and after LAA exclusion (P
0002 and P  .0005, respectively) (Table 3). The VTI of
he S wave at follow-up had a significant reduction from
aseline and after LAA exclusion (P .0001 and P .001,
espectively). In terms of the D wave, after LAA exclusion
significant increase in the D peak velocity relative to
aseline was observed (P  .016), whereas the VTI of the
wave tended to increase but without significant difference
P  .06). At follow-up, the VTI of the D wave was
ignificantly decreased relative to after LAA exclusion (P
ABLE 2. Doppler echocardiographic diastolic variables
ollow-up
Baseline
n Value
ransmitral flow
E (cm/s) 18 41.5 10.4
A (cm/s) 16 34.5 16.8
E/A ratio 16 1.5 0.8
olor M-mode flow
Vp (cm/s) 14 46.2 13.2
E/Vp ratio 14 1.0 0.4
issue Doppler imaging
Sa (cm/s) 17 7.4 1.6
Ea (cm/s) 16 10.6 3.9
Aa (cm/s) 13 9.8 4.7
E/Ea ratio 16 4.5 1.9
ll values are mean  SD. E, Early transmitral flow velocity; A, diastolic tra
elocity of mitral annulus; Ea, early diastolic velocity of mitral annulus; Aa, la
fter exclusion.
ABLE 3. Pulmonary vein flow velocities at baseline, afte
Baseline
n Value
eak S (cm/s) 19 36.6 10.4
eak D (cm/s) 19 40.7 11.2
eak Ar (cm/s) 12 18.4 7.2
ystolic VTI (cm) 18 4.9 1.2
iastolic VTI (cm) 16 8.6 1.8
eak S/peak D ratio 19 0.92 0.33
ystolic VTI/diastolic VTI ratio 16 0.58 0.14
ll values are mean  SD. Peak S, Peak velocity of forward systolic pulmo
elocity of pulmonary vein atrial reversal; VTI, velocity-time integral. *P  .05
The Journal of Thoracic001), indicating recovery to the baseline value with P  .5
etween values at baseline and follow-up.
After LAA exclusion, a significant reduction of the sys-
olic VTI/diastolic VTI ratio was found compared with
aseline (P  .0001). At follow-up, there was significant
eduction in the peak S/peak D ratio and systolic VTI/
iastolic VTI ratio compared with the data at baseline (P 
0001 and P  .0001, respectively).
Each data set of systolic VTI, diastolic VTI, and systolic
TI/diastolic VTI ratio was compared among the three fol-
ow-up durations; 7, 30, and 90 days. Traces of these variables,
llustrated in Figure 1, show similar progress throughout each
f the three follow-up durations. No significant differences
ere found among the data at 7, 30, and 90 days.
iscussion
his study revealed significant reductions in the systolic
omponents of the PV flow (peak S and systolic VTI), the
baseline, after left atrial appendage exclusion, and at
After exclusion Follow-up
n Value n Value
18 48.2 10.2* 18 41.6 8.5†
17 32.2 13.9 19 30.3 13.1
16 1.7  0.9 17 1.6 0.5
16 44.9 10.6 13 40.0 9.4
16 1.1  0.4 13 1.1 0.5
14 6.7  1.3 16 6.8 2.1
14 10.7 2.1 16 9.8  3.3
9 8.3  2.5 13 8.7 3.8
14 4.9  1.4 16 4.9 2.1
tral flow velocity; Vp, color M-mode flow propagation velocity; Sa, systolic
stolic velocity of mitral annulus. *P  .05 versus baseline. †P  .05 versus
atrial appendage exclusion, and at follow-up
After exclusion Follow-up
n Value n Value
18 35.6 15.4 19 25.8 8.9*†
19 51.4 10.7* 19 46.9 14.2
10 20.3 4.8 12 20.2 5.6
16 4.1 0.8* 17 3.3 0.7*†
16 9.6 1.7 18 8.2 0.9†
18 0.75 0.40 19 0.57 0.19*
16 0.45 0.94* 17 0.40 0.09*
ein flow; Peak D, peak velocity of forward diastolic PV flow; Peak A , peakat
nsmi
te diar left
nary v r
versus baseline. †P  .05 versus after exclusion.
and Cardiovascular Surgery ● Volume 133, Number 1 177
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1
A
CDeak S/peak D, and systolic VTI/diastolic VTI at follow-up
fter LAA exclusion. Despite these findings, no changes in
/A, E/Vp and E/Ea occurred either acutely or at follow-up.
urthermore, no increase in the mean LAP, which reflects
V filling pressure, was found, indicating that although
AA exclusion profoundly affects LV reservoir function for
t least 3 months, the exclusion does not adversely affect
V filling pressures in a normal heart.
V Flow Pattern
he PV flow pattern is determined by transmitral flow and
A function. Considering that transmitral flow can be in-
uenced by LV relaxation and filling, the PV flow is
trongly related to LV diastolic function.12-15
The LA function consists of three components: reservoir,
onduit, and booster pump functions. In the PV flow pattern
erived from the pulsed Doppler analysis, there is a four-
Figure 1. Courses of velocity-time integral (VTI) of fo
diastolic pulmonary venous flow (B), and systolic VTI/di
(7, 30, and 90 days) after left atrial appendage (LAA) e
follow-up periods.ave pattern that correlates with each component of LA r
78 The Journal of Thoracic and Cardiovascular Surgery ● Januunction: two forward systolic waves, one forward early
iastolic wave, and one reverse late diastolic wave. The first
wo systolic waves coincide with the LA reservoir phase
mmediately after LA contraction. The early systolic com-
onent is thought to result from LA relaxation, whereas the
ate component has been described as originating from
ovement of the mitral annulus toward the apex. The third
arly diastolic wave occurs during LV relaxation and early
apid filling (the LA conduit phase) and coincides with early
ransmitral flow. The fourth reverse (into the PVs) late
iastolic wave occurs during LA contraction (the LA con-
raction phase).12-15
nfluence of LAA Exclusion on LV Diastolic Function
olor M-mode Doppler echocardiography and TDI in con-
unction with transmitral flow have been shown to provide
nsight into LV relaxation and LA function.16-20 Several
systolic pulmonary venous flow (A), VTI of forward
ic VTI ratio (C) during three different follow-up periods
ion. There was no significant difference (NS) amongrward
astol
xcluseports have indicated that E/Ea and E/Vp correlate with LV
ary 2007
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A
CDlling pressures and are reproducible and independent of
reload.19,20 In this study, Vp and Ea were measured to
ssess LV relaxation, and no changes in those variables
ere observed from the baseline to follow-up. Although LA
olume, which is a marker of chronic ventricular over-
oad,26,27 was present in 10 dogs, no change in LA area,
hich shows a strong correlation with LA volume, was
bserved. In addition, the LAP also remained consistent in
ll animals. These findings suggest that the LV relaxation
as preserved after the LAA exclusion procedure. Because
he LAA has been shown to be the most distensible portion
f the LA,28 an increase in LAP might be expected after
AA exclusion. The constant LAP measurements in this
tudy may be attributable to nonlinear tissue characteristics
f the LA, with little resistance to stretch under low pres-
ures, resulting in undetectable increases in the LAP.
nfluence of LAA Exclusion on LA Function
Acute effects. A few previous studies have assessed LA
unction after LAA exclusion.10,11 These reports have dem-
nstrated that LA compliance decreases acutely after LAA
igation or clamping, with decreased LA reservoir capacity
nd relative increases in the LA conduit function. Our
ndings support these previous observations. In our study, a
ignificant reduction in the systolic VTI was confirmed,
ith significant increases in the transmitral E and the peak
velocities and a tendency toward an increase in the
iastolic VTI. These changes in the diastolic components of
he transmitral and PV flows may indicate compensatory
ugmentation of the LA conduit function for impaired res-
rvoir function after LAA exclusion. Because the simple
xclusion device allows rapid and easy LAA exclusion in
ess than 15 seconds, with minimum manipulation to the
eart once the LAA is exposed,21,22 the interval between the
ata acquisition points before and after LAA exclusion was
elatively brief. Thus all parameters at baseline and after
AA exclusion were compared under similar hemodynamic
onditions, such as preloads and afterloads, with the excep-
ion of the LAA exclusion.
Short-term and midterm effects. To our knowledge,
here have been only a few reports that describe the chronic
hange in LA function after LAA exclusion.29,30 Although
anna and associates29 demonstrated no significant effects
n LA function at 6 months after percutaneous LAA occlu-
ion according to PV flow analysis, a tendency toward a
ecrease in the peak S velocities was found throughout the
ollow-up durations, which suggests that the lack of signif-
cant effects may have been due to the small number of
atients (n  10). On the other hand, Isobe and associates30
ndicated a significant reduction of atrial transport at 6
onths in patients with the maze procedure only according
o transmitral flow analysis. In our study, the systolic com-
onents of PV flow remained in a reduced state at follow- v
The Journal of Thoracicp, which suggests the continuation of impaired LA reser-
oir function, while the diastolic components of the PV flow
nd the transmitral E velocity had recovered to baseline
alues.
The reduction of reservoir function is thought to be due
o LA volume reduction by the LAA exclusion, in which the
ore distensible portion,28 the LAA, is isolated from the LA
ody. One potential factor that influences LA reservoir
unction chronically, however, may be a restriction of LA
ovement adjacent to the base of the LAA by an inflam-
atory reaction in the LA wall that extends from the LAA
cclusion site and affects LA distensibility. In this study,
here was further significant reduction in LA reservoir func-
ion, the peak S velocity and systolic VTI, between after
AA exclusion and follow-up. On the other hand, a com-
arison of the systolic VTI, diastolic VTI, and systolic
TI/diastolic VTI ratio among the three different follow-up
eriods revealed no significant difference in each trace of
hese three variables during each follow-up period. These
esults suggest that there is no relationship between the
egree of LAA reservoir dysfunction and the follow-up
eriod that might potentially influence the degree of inflam-
atory reaction in the LAA occlusion site. These results
urther suggest that motion restriction adjacent to the occlu-
ion site has a limited influence on LA reservoir function.
Considering that the results showed no significant differ-
nce in hemodynamics, including EF and SV, after the LAA
xclusion throughout each study period, LAA exclusion
ay cause the reduction of LA relaxation in not only
hort-term but also midterm periods, but may be less influ-
ntial regarding hemodynamics and cardiac output (CO).
onstant LA size and constant LAP measurements also
ndicate that no increases in LV filling pressures occurred,
espite impaired LA reservoir function.
tudy Limitations
one of the animals had AF, so the influence of LAA
xclusion on LA function for patients with AF cannot be
iscussed. Because Chirillo and colleagues31 have described
hat the PV flow tracing reveals only a diastolic forward
omponent in 34% of patients with AF, it is possible that the
AA exclusion in patients with AF and compromised res-
rvoir function may have more deleterious effects on the LA
eservoir function. Reports that have demonstrated success-
ul application of the Doppler analyses of the PV and
ransmitral flows in patients with AF31,32 stimulate the need
or further studies to evaluate LA function after LAA ex-
lusion with an AF animal model. In addition, considering
hat patients with AF often have some degree of LV dys-
unction with volume overload, an experimental study with
ur congestive heart failure canine model33 could be advan-
ageous to clarify the effects of the LAA occlusion in
olume-loaded patients.
and Cardiovascular Surgery ● Volume 133, Number 1 179
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1
A
CDThe early and late components of the PV flow during
ystole were analyzed as a single component because of
erging of these components. It is therefore unclear that the
eduction of the S wave is attributable to the impairment of
A relaxation, which may result in the formation of the
arly component of S wave. Further evaluation requires an
nimal model with a low heart rate, so that the S wave can
e discerned as two separate components.
Although compensatory augmentation of the LA conduit
unction was observed after LAA exclusion, the mechanism
o maintain the SV and EF after the recovery of the trans-
itral E velocity and the diastolic components of PV flow to
he baseline remains unclear. Further long-term study is
equired.
All hemodynamic and echocardiographic data were col-
ected from open-chest preparations, and the dog was under
he influence of general anesthesia at each data point. To
inimize the influence of mechanical ventilation, however,
entilation was transiently stopped during hemodynamic
nd echocardiographic data acquisition. Thus the LA data
nalyses were performed under similar hemodynamic con-
itions. According to the reports by Hoit and coworkers34
nd Maniar and associates,35 pericardiotomy causes an in-
rease in LA compliance, a reduction in LA contractility,
nd the loss of the compensatory atrial response after an
cute elevation in ventricular afterload. Due to anatomic
onsiderations, the impact of pericardial integrity on LA
unction is not likely as significant as that on the right atrial
unction, the lack of pericardial integrity likely affects the
V flow.
linical Implications
uga and colleagues36 demonstrated that a “flexible atrium”
increased receptacle capabilities) would substantially im-
rove the CO. In addition, several reports have demon-
trated that pathologically altered LA conduit-to-reservoir
unction is an important determinant of left heart function
nd can profoundly affect cardiac performance.12,15,37
herefore the long-term impairment of LA reservoir func-
ion may cause reduction in CO. Especially for patients with
V hypertrophy, in which LA function must be maximized,
r in patients with AF and already compromised reservoir
unction, further careful follow-up after LAA exclusion
ay be required.
Because of the recent increase in nonvalvular AF in the
ging population, there has been a resurgence of interest in
AA exclusion to reduce the risk of stroke in patients with
F. There is no report, however, that shows clear evidence
hat LAA exclusion prevents stroke in patients with nonval-
ular AF. A randomized trial of LAA occlusion during
outine coronary artery bypass surgery (Left Atrial Append-
ge Occlusion Study) is ongoing and will provide definitive
vidence about LAA exclusion in patients without mitral
1
80 The Journal of Thoracic and Cardiovascular Surgery ● Janualve disease.7 If the LAA exclusion technique is proved to
educe the risk of stroke, a more widespread use of LAA
xclusion in patients with paroxysmal AF may be encour-
ged in the future. Such widespread use raises the concern
f LA functional disorder after LAA exclusion. This study
ndicates that LV parameters (ESV, EDV, CO, and SV)
emain unchanged with constant LA area and LAP after
AA exclusion, despite LA reservoir dysfunction, suggest-
ng that LAA exclusion may cause no adverse effects in
idterm phase. Considering that LAA exclusion may cause
otential adverse effects as a result of reduced production of
erum natriuretic peptide,38,39 however, further evaluations
f not only LA function but also neurohumoral effects after
AA exclusion are definitely required before recommenda-
ions can be made.
onclusions
AA exclusion may affect LA reservoir function in the
hort-term and midterm periods. Further long-term studies
ith an animal model not only in sinus rhythm but also in
F or in congestive heart failure are required to fully
lucidate the effects of LAA exclusion in patients with
mpaired cardiac function.
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